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[57] ABSTRACT 

Single longitudinal mode operation is achieved and 
maintained under CW and high speed (Gbps) current 
modulation conditions by a short coupled cavity laser 
including a short cavity semiconductor laser having 
two parallel mirror facets and a reflective surface 
spaced apart from and in predetermined relationship 
with one of the mirror facets. A short external cavity 
resonator is formed between the one mirror facet and 
the reflective surface. In general, the laser cavity length 
is related to the external cavity resonator length by the 
equation, nL=md. where nL is the effective optical 
length of the injection laser, d is the length of the exter- 
nal cavity resonator, and m is a positive number prefera- 
bly between 2 and 10. 

11 Qaims, 5 Drawing Figures 
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Vol. 18. p. 901 (1982); Coldren et al, IEEE J. Quantum 
SHORT COUPLED CAVITY LASER . Elect, QB-\%, p. 1679 (1982). 

In all of the lasers categorized above, there exist 
TECHNICAL FIELD problems in achieving efficient single longitudinal mode 

This invention relates to the field of semiconductor ^ operation^ under high speed modulation conditions be- 
lasers and, more particularly, to CW and high speed, ''^"'^ ^^^^^^^ 'P^^'*"^ characteristics of the lasers, 
single longitudinal mode operation of a short coupled SUMMARY OF THE INVENTION 

cavity laser. Single longitudinal mode operation is achieved and 

BACKGROUND OF THE INVENTION »0 maintained under CW and high speed (gigahertz) mod- 

r\ 1 u * • r • • 1 J ulation conditions by a short coupled cavity laser in- 
Operational characteristics of injection lasers under ^i..H;n*» « ^w^.* a \ i )f , 

u: u , « J 1 f • ► * • I irv eluding a short cavity semiconductor laser having two 

high speed modulaUan are of mterest in optical fiber ^aroiiM mirt-^r f^^^ti ^^a « n _r ^ 

* . ^. , ^, . . /• L r parallel mirror facets and a reflective surface spaced 

commumcation systems. Characteristics which are of .p^^t from and in predetermined relationship with one 
particular interest for wideband single longitudmal ,5 of the mirror facets. An externar cavity r^onator is 

mode fiber transmission are dynamic spectral behaviors formed between the one mirror facet and the reflective 

such as frequency chirpmg and transient gain peak shift- surface. 

ing in the transient regime and spectral envelope broad- in one embodiment of the invention a III-V heteros- 

enmg at the occurrence of multiple longitudinal modes. tructure injection laser having a cavity length between 
Control of these dynamic spectral characteristics and 20 50 and 80 microns is coupled to a short external cavity 

others are important to achieving sufficient mode selec- resonator having a length between 30 and 80 microns, 

tion for single longitudinal mode operation under high The short external cavity resonator includes one 

speed operation. cleaved facet of the injection laser and reflective surface 

Several approaches arc known for achieving longitu- spaced apart from and facing the cleaved facet. In gen- 

dinal mode selection in lasers. The approaches, exclud- 25 eral, the laser cavity length is related to the external 

ing the use of a built-in grating for feedback, are as cavity resonator length by the equation, nL=md, 

follows: short cavity laser, external cavity laser, and where nL is the effective optical length of the injection 

two-section (coupled cavity) laser. Each approach is laser, nis the index of refraction of the guiding region of 

described in more detail below. the injection laser at the wavelength ofinterest, Lis the 

Short cavity lasers employ an optical cavity which 30 physical length of the injection laser, d is the length of 

has a cavity length of approximately 30 to 80 microns. external cavity resonator, and m is a poisitive num- 

This cavity length is at least five or six times shorter preferably between 2 and 10, 

than conventional optical cavity lengths. Mode ^selec. BRi^p DESCRIPTION OF THE DRAWINGS 
tivity of the short cavity laser anses from a much larger 

longitudinal mode separation and a larger gain differ- A more complete understanding of the invention may 

ence between adjacent modes than in conventional obtained by reading the following description of a 

lasers. Short cavity lasers are described in articles by T. specific illustrative embodiment of the invention in 

P. Lee et al.. IEEE J, Quantum Electron., QE-18, p. cogjimction with the appended drawing in which: 

1 101 (1982), and C. A. Burnis et al.. Electron. Lett,, Vol , ? simplified block diagram of a short cbu- 

17, p. 954 (1981). 40 pled cavity laser formed in accordance with the present 

External cavity lasers are comprised of a combinatioh , t. - n u . 

of a long optical cavity, cleaved laser and an external ^/^ V ^^"""^^ graphically the contnbuuon of compo- 

reflector. The reflector and a cleaved facet of the laser °^ ^ u ""i^i^ "^""'^^ """^P"^ 

form an external cavity resonator which is, in general, '^°^t'Pf n L . w ^ . 

approximately as long as die optical cavity of the laser! ^I^^J'^^^^ graphically the contribution of compo- 

Diffraction losses occur in the external ca4y resonator ^t ^^3^^^^^^ ^^'P"' 'P^'"'™ 

n?r™h- T^'*^" is air. Mode selectivity 4 shows graphically the contribution of compo- 

of this combmation arises from modulation of the loss m ^^^^ 3 conventional external cavity laser to its out- 

the coupled resonator mcluding the^laser and the exter- 50 ^ ^^^^ ^ tiireshold; and 

nal cavity resonator as a function of frequency. External 5 ^^^^ graphically the contribution of compo- 

^vity lasers have been described in amdes by R. ^^nts of the short coupled cavity laser, which is formed 

Preston et a^.. Electron. Lett, Vol 17 p. 93 ( 981); D. accordance with the present invention, to its output 

Renner et al., Electron, Lett, Vol. 15, p. 73 (1979); C. ^ode spectnim at threshold. 
Voumard et al., Opt Commun,, Vol. 13, p. 130 (1975); 55 

and D. A. Kleinman et al, BSTJ, Vol. 41. p. 453 (1962). DETAILED DESCRIPTION 

Two section and other multiple section lasers employ as shown in FIGS. 1 and 5, the present invention is a 

a con-esponding number of monolithic laser cavities coupled short cavity laser for achieving and maintain- 

abutting each other. In this type of laser, tiie cavities are ing single longitudinal mode operation under both CW 

waveguidmg regions which are controllable via current 60 and high speed modulation conditions. While the fol- 

biasing. In general for tworsection lasers, the sections lowing description shows the preferred use of current 

are comprised of a long section and a short section. injection for exciting the lasen it should be obvious to 

Mode selectivity results from modulation of the loss of those skilled m the art that optical sources are capable 

the laser cavities as a function of frequency. Multiple of being utilized for pumping the laser. ' 

section lasers have been described in U.S Pat. No. 65 The short coupled cavity laser is illustrated in simpli- 

3,303,431 issured to A. B. Fowler on Feb. 7; 1967 and in fied block diagram form in FIG. 1. In accordance with 

articles by L. A. Coldren et al., Appl Phys. Lett:, Vol. the present invention, the short coupled cavity laser 

38, p. 315 (1981); K. J. Ebeling et al., Electron, Lett, includes current source 10, short cavity laser 20, and 
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reflective surface 30. Current source 10 provides cur- other hand, a large value for m, such as 10 or 12, guar- 

rent to pump the active region of short cavity laser 20. aniees that there is only one modulation period under 

Short cavity laser 20 is typically a short cavity, semi- the gain curve for short cavity laser 20. In this case, the 

conductor laser having an effective optical length nL, resulting modulation slope is small, thereby increasing 

where n is the index of refraction of the guiding region 5 the possibility of oscillation in adjacent modes along 

of short cavity laser 20 at the wavelength of interest and with the dominant, minimum loss mode. In light of the 

L is the physical length of short cavity laser 20. Light above considerations, the value of m is between 2 and 

quanta 25 arc generated by short cavity laser 20 and exit iq and preferably between 3 and 8 depending upon 

through one of two parallel mirror facets of short cavity operating conditions and the envelope of the gain curve 

laser 20 toward reflective surface 30. Reflective surface 10 for short cavity laser 20. Hence, the desired length of 

30 IS spaced apart from and appropriately positioned ^^e external cavity resonator is less than 100 microns 

with respect to one mirror facet of short cavity laser 20 ^„ ^ preferably between 30 and 80 microns. While varia- 

so that at least a porUon o light quanta 25 is reflected ^-^^ ^-^^^^ ^^j^^^, ^^^^^^^^^ ^ 

back toward short cavity laser 20. One facet of short ^j^^ ^^^^^ ^ ^ ^^^J 

cavity laser 20 and reflective surface 30 form an exter- 15 j;rp^^^„* ^^^uJL^:^^. *u ^ u* ^ i c *u 

, ^ *u J c * t •* different applications, the combmed lengths of the ex- 

nal cavity resonator of length d. External cavity rcsona- , , ' j *u l . 

tor length d is related to the effective optical length of f^^f "^^^Z '''"^^'1! ^^^^^ 

short tavity laser 20 by the following equation, d+L should be less th^ 

nL=md. where m is a positive number. Optimization of ^ ^^°"Sh 5 illustrate progressive improve- 

a value and range of value for m is described below in 20 ^'"g*^ longitudina mode operation realized in 

more detail. It should be clear to those skilled in the art f '"f ^^^"1 ^ conventional long cavity laser (several 

that reflective surface 30 and both facets of short cavity hundred microns in length) ui FIG. 2 to a short cavity 

laser 20 form a coupled resonator. ^^^^ ^ *hcn to a conventional external 

Cleaved facet, stripe geometry. InGaAsP/InP double cavity laser (conventional long cavity laser coupled to 

heterostruciure injection lasers are adaptable for use as 25 an external cavity resonator) in FIG. 4 and Anally to the 

short cavity laser 20. Other Group III-V semiconductor short coupled cavity laser in FIG. 5 of the present in- 

lasers having cleaved or etched facets are also suitable vention. As shown in these FIGURES, the laser gain 

for use as short cavity laser 20. For purposes of illusira- curves are substantially identical regardless of the type 

lion and not for purposes of limitation, exemplary types of laser, i.e., long or short cavity. Moreover, in FIGS. 4 

of short cavity lasers are stripe geometry, v-groove 30 and 5, the coupled resonator loss curves have been 

(buried crescent), ridge and various buried heterostruc- drawn in position relative to a fixed reference line 

ture lasers from the InP or GaAs alloys and their deriv- (dashed line in FIGS. 2-5) and the period of each cou- 

atives. Regardless of the type of laser selected as short pled resonator loss curve is determined by selecting m 

cavity laser 20. it should be noted that the laser cavity equal to 6, for example. Ag represents the net gain or 

length L is less than 100 microns and preferably be- 35 amplitude difference between the center mode and the 

tween 50 and 80 microns. adjacent mode. The longitudinal mode spectra as shown 

Reflective surface 30 is realiied by forming a highly in FIGS. 2 through 5 illustrate output amplitude versus 

reflective material into or on a planar or curved shape. optical frequency variations for each particular laser 

In one example, gold is evaporated onto a cleaved facet operating near threshold. 

ofsemiconductor material to form a flat (planar) reflec- 40 Effective mode suppresion is dependent upon Ag. 

tivc surface 30. Other exemplary reflective surfaces are Por the short coupled cavity laser, Ag is large thereby 

formed by coating one end of an optical fiber with allowing strong oscillation of the dominant central 

reflective material or by fabricating spherical or para- ^node while suppressing all other modes during above- 

bohc or other concave surfaces with high reflectivity. threshold operation. From experimental practice. CW 

Reflective surface 30 is aligned, in the case of a flat 45 operation of the short coupled cavity laser at approxi- 

reflectivc surface normal to the longUudmal axis of ^^^^j j 4 ^j^^^ threshold result in more than 20 dB 

light quanta 25. That is, the flat reflective surface is ^-.^^ c..««^ooc;,^„ : - « * 

„.7u.* n 11 t . \i- . 1 • f . p mode suppression, i.e., single longitudinal mode opera- 

substantially parallel to the external mirror facet of ^j^^ rr » » o & k 

short cavity laser 20. It is desirable to permanently ^^^^ claimed is* 

mount reflective surface 30 on the same platform or 30 - - i_- ' u * • ^ 1 

substrate as short cavity laser 20. ^ ^\ combination, a short cavity semiconductor laser 

In the short coupled cavity laser, good longitudinal !^''^ second substantially parallel facets for 

mode selection is achieved by employing the largest and generating coherent light quanta in response to an ap- 

steepest modulation of the resonator loss as a function P>»ed signal the light quanta exiting at least the first 

of frequency because this tends to maximize the loss 55 °f laser, and 

difl-erence between adjacent modes. If the gain peak of » reflective surface spaced apart from and in prede- 

short cavity laser 20 is positioned near a loss minimum, termined relationship with the flrsi facet of the 

the corresponding mode oscillates strongly while '^^er, so that the reflective surface and the flrst 

nearby modes are suppressed. In general, these charac- ^^^^^ an external cavity resonator iherebe- 

teristics are controlled by choosing a suitable value for 60 tween. the short cavity semiconductor laser and 

m or, alternatively, by properiy designing the length of 'he external cavity resonator have a combined 

the external cavity resonator. length less than about 200 microns. 

A small value for m, such a 2 or 3, results in a loss ^- The combination as defined in claim 1 wherein the 

modulation period of every two or three modes with a external cavity resonator has a length d less than 100 

substantially large modulation slope. But. it should be 65 microns. 

noted that there may be several modulation periods 3. The combination as defined in claim 2 wherein the 
under the gain curve for short cavity laser 20 which external cavity resonator length d is between 30 mi- 
would cause oscillation of several distant modes. On the crons and 80 microns. 
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4. The combination as defined in claim 1 wherein the 
short cavity semiconductor laser has a length L less 
than 100 microns. 

5. The combination as deifined in claim 4 wherein the ^ 
length L is between 50 and 80 microns. 

6. The combination as defined in claim 1 wherein the 
short cavity semiconductor laser has an effective optical 
length nL, the external cavity resonator has a length d, 
and both of the lengths are related as nL is substantially 10 
equal to md, where m is a positive number between 2 
and 10. 

7- In a coupled cavity laser, a semiconductor laser 
having first and second substantially parallel facets for 
generatingiight quanta in resjxtnse to an applied signal, 
the light quanta exiting the first facet if the laser, and a 
reflective surface spaced apart from and in predeter- 
mined relationship with the first facet of the siemicon- 
ductor laser, so that the reflective surface and the first 20 
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facet form an external cavity resonator therebetween, 
the coupled cavity laser being characterized in that, 
a combined length of said semiconductor laser and 
the external cavity resonator is less than 200 mi- 
crons. 

8. The coupled cavity laser as defined in claim 7 
wherein the external cavity resonator has a length be- 
tween 30 and 80 microns. 

9. The coupled cavity laser as defined in claim 7 
wherein the semiconductor laser has an effective optical 
length nL. the external cavity resonator has a length d, 
and both of the lengths are related as nL being substan- 
tially equal to md. where m is a positive number be- 
tween 2 and 10. 

10. The coupled cavity laser as defined in claim 7 
wherein the semiconductor laser hias a length L less 
than 100 microns. 

11. The coupled cavity laser as defined in claim 10 
wherein the length L is between SO and 80 microns. 
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